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CLOCK SWITCHING CIRCUIT 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 
5 The present invention relates to a clock switching 

circuit for switching a clock signal to be output from a 
first clock signal to a second clock signal in accordance 
with a selection signal when outputting a first clock 
signal selected from a plurality of clock signals. 
10 2. Description of the Related Art 

A power consumption of an LSI is proportional to a 
frequency of a clock signal for operating the LSI. Thus, 
there is known a method of switching the clock frequency 
in accordance with an operation condition of the LSI, 
]Q such as switching to a clock having a lower frequency 
when a load on the LSI is small. 

Figures 8A to 8E are timing charts of a general 
operation in a clock switching method. 

A clock signal "clkout" to be supplied to an LSI is 
20 generated by selecting one of two clock signals "elk m" 
and "clk_n" having different frequencies. Figure 8A is a 
waveform of the clock signal "clk_m" , FIG. 8B is a 
waveform of the clock signal w clk_n" and FIG. 8E is a 
waveform of the clock signal "elkout" . Figures 8C and 8D 
25 are waveforms of selection signals of the clock signals. 



The clock signal "clk_m" is selected when the 
selection signal "sel_m" is at "H" and the clock signal 
"clk_n" is selected when the selection signal "sel n" is 
at "H". 

Depending on a phase relationship of the clock 
signal and selection signal, a hazard 100 is liable to be 
generated as shown in FIG. 8E . When the hazard 100 is 
generated, it is likely that the LSI operates erroneously, 
so that it is necessary that a clock switching circuit 
have a technique to prevent generation of a hazard. 

A multi -phase clock generation circuit described in 
the Japanese Patent Unexamined Publication No. 2001- 
177510 has the PLL configuration to be controlled to have 
the same frequency with an operation frequency of an 
input data signal. Thus, a plurality of clock signals 
having the same frequency, a constant phase difference 
and different phases are output from the multi -phase 
clock generation circuit. Selection signals in 
synchronization with the plurality of clock signals are 
generated and the selection signals are latched by the 
plurality of clock signals in the selection control 
circuit and output to a selector for switching the clock 
signals. In the selector, switching of the clock signals 
is performed at a timing when levels of two clock signals 
to be switched are matched. As a result, switching of 



clock signals at any time without generating a hazard is 
realized in the technique described in the above 
publication . 

In the technique described in the above publication, 
however, an oscillator for generating a reference clock 
signal having the same frequency with that of an input 
data signal is built-in in the multi -phase clock 
generation circuit, and a plurality of clock signals 
having an identical frequency and different phases are 
generated based on the reference clock. Accordingly, a 
method of switching clock signals described in the above 
publication cannot be applied to a plurality of clock 
signals having different frequencies and phases, such as 
a plurality of clock signals generated from a plurality 
of PLL circuits. 

SUMMARY OF THE IMVENTION 

An object of the present invention is to newly 
provide a clock switching circuit for switching a first 
clock signal being output to a freely selected second 
clock signal among a plurality of clock signals having 
different frequencies and phases while preventing 
generation of a hazard. 

To attain the above object, according to the 
present invention, there is provided a clock switching 



circuit for receiving as an input a plurality of clock 
signals including a first and second clock signals and 
switching one clock signal to be output from the first 
clock signal to the second clock signal, comprising a 
plurality of unit circuits for respectively receiving as 
an input the clock signals, selection signals of the 
clock signals and enabling signals and controlling 
supplying and stopping of the clock signals in accordance 
with the selection signals and the enabling signals; and 
a feedback circuit for monitoring output conditions of 
the plurality of unit circuits and, when outputting of 
all clock signals of the plurality of unit circuits was 
stopped as a result of stopping the first clock signal, 
giving a plurality of the unit circuits the enabling 
signals for approving starting of a supply of the second 
clock signal. 

Assuming that in accordance with a selection signal 
input to a unit circuit corresponding to a first clock 
signal, the first clock signal is output from the unit 
circuit. At this time, other unit circuit corresponding 
to a second clock signal does not output a clock signal . 
Next, logic states (voltage levels) of two selection 
signals of the two are inversed and an instruction that a 
clock signal to be output is switched from the first 
clock signal to the second clock signal is given. The 
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unit circuit outputting the first clock signal stops 
outputting the first clock signal. A feedback circuit 
detects that the first clock signal is stopped and gives 
an enabling signal to the above plurality of unit 
5 circuits. A unit circuit corresponding to the second 

clock signal starts to supply the second clock signal due 
to an input of the enabling signal. 

BRIEF DESCRIPTION OF DRAWINGS 
10 FIG. 1 is a block diagram of a clock switching 

circuit according to a first embodiment; 

FIG. 2 is a circuit diagram of the configuration of 
a unit circuit in the first embodiment; 

FIG. 3A to FIG. 3 J are timing charts of a clock 
]o switching operation in the first embodiment; 

FIG. 4 is a block diagram of a clock switching 
circuit according to a second embodiment; 

FIG. 5 is a circuit diagram of the configuration of 
a unit circuit in a third embodiment; 
20 FIG. 6 is a circuit diagram of an output circuit in 

a fourth embodiment; 

FIG. 7 is a circuit diagram of another 
configuration example of the output circuit in the fourth 
embodiment; and 
25 FIG. 8A to FIG. 8E are timing charts of a general 
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operation in a clock switching method. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
Embodiments of the present invention relates to a 
5 clock switching circuit for generating an output clock 
without a hazard at the time of selecting one from a 
plurality of clock signals by stopping a clock signal 
being selected and, after going through a condition that 
all clocks are stopped, starting a supply of a clock 
10 signal to be selected next. 
First Embodiment 

Figure 1 is a block diagram of a clock switching 
circuit in a first embodiment. 

The clock switching circuit illustrated in FIG. 1 

15 comprises a clock selection circuit 10 for selecting 

outputting one among a plurality of clock signals. The 
clock selection circuit 10 comprises a plurality of unit 
circuits 10-1, 10-2, 10-x, the number of which 

corresponds to the number of clock signals to be input. 

20 The unit circuit 10-1 receives a clock signal "elk 1" and 
a selection signal "sel_JL", the unit circuit 10-2 
receives a clock signal "clk_2" and a selection signal 
u sel_2", and the unit circuit 10-x receives a clock 
signal "clk_x" and a selection signal "sel_x". Each of 

25 the unit circuits outputs the input clock signal when the 



selection signal is active, and during other times, 
serves as a control circuit for supplying and stopping of 
the clock signal for stopping outputting of the clock 
signal . 

The input clock signals *clk 1", "elk 2", 
"clk_x" may be those generated from one reference clock 
signal by dividing at different dividing ratios . 
Alternately, clock signals individually generated by a 
plurality of different PLL circuits or oscillators may be 
also used. In other words, the case where phases and 
frequencies of clock signals are not completely uniform 
may be applied. 

In order to select one clock, one of the selection 
signals "sel_l", "sel_2", ... "sel_x" becomes at a "H" 
level and other selection signals become "L" level. 

All of output terminals of the clock signals of the 
unit circuits 10-1, 10-2, ... 10-x are connected to an 
input of an output circuit 20. In FIG. 1, selected clock 
signals are indicated by references "ckout 1", 
"ckout_2", ... "ckout_x". Also, as the output circuit 20, 
an OR gate is provided for receiving as inputs the 
selected signals "ckout_l", "ckout_2", ... "ckout_x" and 
outputting an output clock signal "elkout" as a logical 
sum of the input signals. 

Each of the unit circuits is provided with an input 
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terminal for a clock supply enabling signal M chen" . Also, 
the unit circuits 10-1, 10-2, ... 10-x are respectively 
provided with an output condition monitor terminal on the 
output side thereof. 

A feedback circuit 30 is provided between all 
monitor terminals and all input terminals for enabling 
signals of the respective unit circuits 10-1, 10-2, ... 
10-x. The feedback circuit 30 shown in FIG. 1 is a NOR 
gate. The feedback circuit 30 receives output condition 
monitor signals "cken_l", "cken_2", ... "cken_x" of the 
respective unit circuits 10-1, 10-2, ... 10-x and, when 
it is confirmed in all of the monitor signals that 
outputting of clock signals is stopped, supplies the 
above clock supply enabling signal "chen" to all of the 
unit circuits. 

The configuration of the respective unit circuits 
is identical . 

Figure 2 shows the configuration of the unit 
circuits by taking the unit circuit 10-x for illustration. 

The unit circuit 10-x, as explained above, receives 
the clock signal "clk_x", the selection signal "sel_x" 
which becomes active when the clock signal "elk x" is 
selected and the clock supply enabling signal "chen" and 
outputs the selected clock signal "ckout_x" and the 
output condition monitor signal "cken x" . 
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The unit circuit 10-x comprises two flip-flops 11 
and 12, a latch 13, two two-input OR gates 15 and 16 and 
two two-input AND gates 14 and 17. 

One of input terminals in each of the OR gates 15 
5 and 16 are mutually connected. The other input terminal 
of the OR gate 16 receives as an input the clock supply 
enabling signal "chen". An output terminal of the OR gate 
16 is connected to one input terminal of the AND gate 17 
and the other input terminal of the AND gate 17 receives 

10 as an input the selection signal "sel_x". An output 

terminal of the AND gate 17 is connected to a D-terminal 
of the flip-flop 11 and a Q- terminal of the flip-flop 11 
is connected to a D-terminal of the flip-flop 12. A 
connection point of the Q- terminal of the flip-flop 11 

15 and the D-terminal of the flip-flop 12 is connected to 
the mutually connected one input terminals of the OR 
gates 15 and 16 and a D-terminal of the latch 13. A Q- 
terminal of the flip-flop 12 is connected to the other 
input terminal of the OR gate 15, and an output terminal 

20 of the OR gate 15 outputs the monitor signal "cken_x". A 
Q-terminal of the latch 13 is connected to one input 
terminal of the AND gate 14. The clock signal "elk x" is 
input to clock input terminals CK of the flip-flops 11 
and 12, an inverse G-terminal of the latch 13 and the 

25 other input terminal of the AND gate 14, and the output 
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clock signal "ckout_x" is output from an output terminal 
of the AND gate 14. 

The unit circuit 10-x illustrated in FIG. 2 is, 
when roughly divided, composed of a control input gate 
unit 10a, a delay unit 10b and a clock output gate unit 
10c. 

The control input gate unit 10a is a unit for 
controlling inputting of the clock supply enabling signal 
"chen" and the selection signal "sel__x" and comprises the 
OR gate 16 and the AND gate 17. 

The delay unit 10b delays actual clock stopping 
from an instruction of clock stopping by at least exactly 
one clock cycle, delays actual starting of a clock supply 
from a clock supply approval by at least exactly one 
clock cycle, and comprises the two flip-flops 11 and 12 
and the OR gate 15. 

The clock output gate unit 10c comprises the latch 
13 and the AND gate 14. In the clock output gate unit 10c, 
clock gating on a latch base is performed by the latch 13 
and the AND gate 14 by using an output of the flip-flop 
11 as an enabling signal M enout" . 

In the delay unit 10b, the monitor signal "cken_x" 
for a clock output condition is generated by the OR gate 
15 by obtaining a logical sum of the output of the flip- 
flop 11 and the output of the flip-flop 12. When the 
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selection signal "sel_x" input to the unit circuit 10-x 
shifts from a level indicating a selected state to a 
level indicating a non-selected state, after the output 
of the flip-flop 11 as the enabling signal "enout" of the 
clock gating becomes "L", the monitor signal x> cken__x" is 
shifted to "L" by being delayed exactly by one clock 
cycle. Due to this, continuation of a clock signal for at 
least last one cycle is guaranteed from a reception of an 
instruction to stop the clock signal until an actual 
stopping of the clock signal. 

In the control input gate unit 10a, logical sum is 
performed by the OR gate 16 on the output of the flip- 
flop 11 as the enabling signal "enout" of the clock 
gating and the clock supply enabling signal "chen". 
Furthermore, logical multiplication is performed by the 
AND gate 17 on a result of the logical sum with the 
selection signal "sel_x", and thereby, an input signal of 
the flip-flop 11 is generated. 

Here, assuming that the clock signal "elk x" is in 
a selected state, the selection signal "sel_x" is at "H" 
and an the input signal of the flip-flop 11 is at "H" . At 
this time, when the clock signal "clk_x" is shifted from 
the selected state to the non-selected state, the 
selection signal M sel_x" shifts from «H" to "L" and the 
input signal of the flip-flop 11 shifts to "L" . Rising of 
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the next clock signal "clk_x" makes the flip-flop 11 
operate, and an output signal thereof, that is, the 
enabling signal "enout" of the clock output gate unit 10c 
becomes "L" . As a result, falling of the next clock 
"clk_x" makes the clock output gate unit 10c closed, so 
that clock supplying is stopped. 

Inversely, when the clock signal "clk_x" is in the 
non-selected state first, since the selection signal 
M sel_x" is at "L", the input signal and output signal of 
the flip-flop 11 are both at "L" . Therefore, one input 
level of the OR gate 16 is at "L" and the OR gate 16 is 
on standby until the clock supply enabling signal "chen" 
becomes "H" . When the selection signal "sel_x" becomes 
"H" and the clock supply enabling signal "chen" becomes 
"H", the input signal of the flip-flop 11 shifts to "H" . 
Rising of the next clock signal "clk_x" makes the flip- 
flop 11 operate, and an output signal thereof, that is 
the enabling signal "enout" of the clock output gate unit 
10c becomes "H" . As a result, falling of the next clock 
makes the clock output gate unit 10c closed and supplying 
of the clock starts. 

As a result, at the time of switching the clock 
signals, a period is secured between stopping and 
starting of the clock signals wherein a supply line of 
the clock signal is kept stable at the n L" level. Since 
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substantial switching of clock signals is performed 
during this period, generation of a hazard is prevented. 

Below, the clock switching operation will be 
explained further in detail by using timing charts. 

Figures 3A to 3J are timing charts of the clock 
switching operation in the first embodiment. Figures 3A 
to 3 J show changes of waveforms at the time of an 
operation of switching from a first clock signal "clk_m" 
(l£m<x) to a second clock signal "clk_n" (l^n^x, n^m) . 

When the first clock signal "clk_m" is in a 
selected state, as shown in FIG. 3C, the selection signal 
"sel_m" is at the "H" level. At this time, in the unit 
circuit corresponding to the clock signal "clk_m", the 
input signal and output signal of the flip-flop 11 are 
both at "H", so that the enabling signal "enout" of the 
clock output gate unit 10c is at "H" . Consequently, the 
same signal waveform as that of the clock signal M clk m" 
is output as a clock signal "clkout_m" from the clock 
output gate unit 10c and output as an output clock signal 
"clkout" from the output circuit 20 (FIG. 3H and FIG. 3J) . 

On the other hand, all other selection signals 
including a selection signal "sel__n" of the second clock 
signal "clk_n" (FIG. 3D) are at the "L" level. 
Accordingly, all clock signals output from unit circuits 
other than the unit circuit corresponding to the clock 
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signal "clk_m" are at the «L" level in the same way as 
the clock signal "clkout_n" shown in FIG. 31. 

Since the monitor signals indicating output 
conditions of respective unit circuits are at the n H" 
level in "ckenjm" shown in FIG. 3E and at the n L" level 
in "cken_n" shown in FIG. 3F, the clock supply enabling 
signal "chen" output from the feedback circuit 30 becomes 
the "L" level as shown in FIG. 3G. 

Assuming that a request of clock switching is given 
at time Tl, so that the selection signal "sel m" is 
shifted from "H" to "L" and the selection signal "sel_n" 
is shifted from "L" to "H" . 

At this time, in the unit circuit 10-m 
corresponding to the clock signal "clk_m" , an input 
signal of the flip-flop 11 shifts from the "H" level to 
"L" level due to an action of the AND gate 17. At the 
next time T2 which is rising of the clock pulse, an 
output signal of the flip-flop 11 becomes the *L" level. 
Furthermore, the clock output gate unit 10c is closed at 
timing of falling of the next clock, and outputting of 
the clock signal "clk_m" is stopped. As a result, voltage 
levels of the clock signals "clkoutjm" and "clkout n" 
shift to *L" and maintained as shown in FIG. 3H and FIG. 
3 J. 

On the other hand, although the selection signal 
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"sel_n" (FIG. 3D) of the clock signal "clk_n" shifts from 
the "L" level to "H" level, the enabling signal "enout" 
of the clock output gate unit 10c and the clock supply 
enabling signal "chen" (FIG. 3G) are both at the "L" 
5 level at this stage and the OR gate 16 does not operate, 
so that the AND gate 17 cannot operate, either. 
Consequently, the enabling signal "enout" of the clock 
output gate does not become active and, as shown in FIG. 
31, the clock signal "clkout__n" is not yet output from 

10 the unit circuit 10-n at this stage. 

At time T3 when the second clock cycle comes after 
the instruction of stopping the clock signal "clk_m", the 
output of the flip-flop 12 becomes the "L" level and the 
stopping of the clock signal "clk_m" is detected by being 

lo delayed by one cycle. Namely, after passing the last one 
cycle of the clock signal *clkout_m" shown in FIG. 3H, 
the output of the OR gate 15, that is, the output 
condition monitor signal "cken__m" shifts to the "L" level. 
As a result, all of inputs of the feedback circuit (NOR 

i 

20 gate) 30 become the "L" level and an output signal 

thereof, that is, the clock supply enabling signal "chen" 
shifts from the M L" level to the *H" level at the time T3 
as shown in FIG. 3G. 

When the clock supply enabling signal "chen" 

25 becomes "H", in the unit circuit 10-n corresponding to 



16 



the clock signal "clk_n", the output of the OR gate 16 
becomes the *H" level and the input signal of the flip- 
flop 11 becomes the «H" level. At time T4 which is rising 
of the next clock signal "clk__n", the output signal of 
the flip-flop 11, that is the enabling signal "enout" of 
the clock output gate unit 10c becomes the "H" level. Due 
to this, as shown in FIG. 3F and FIG, 3G, the monitor 
signal "cken__n" output from the OR gate 15 becomes "H" 
and the clock supply enabling signal "chen" becomes . 

In the unit circuit 10-n corresponding to the clock 
signal "clk__n", the clock supply enabling signal "chen" 
applied to one input of the OR gate 16 becomes M L". On 
the other hand, the enabling signal "enout" of the clock 
output gate unit 10c is at "H" and the enabling signal 
"enout" is applied to the other input of the OR gate 16. 
Therefore, the input signal and output signal of the 
flip-flop 11 are both maintained at the "H" level. 

At the next falling of the clock signal "clk__n", 
the clock output gate unit 10c opens, and after that, 
from the moment of time T5 , the clock signal "clkout_n" 
is output from the unit circuit 10-n. 

As a result of the above, as the clock signal 
"clkout" output from the output circuit (OR gate) 20, as 
shown in FIG. 3 J, the first clock signal "clk_m" having 
been in a selected state stops completely at the time T3, 
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kept at the "L" level from the time T3 to T5, then the 
second clock signal x> clk_n" appears from the time T5 . 

In the clock switching method of the present 
embodiment, even if a clock switching instruction is 
given at time Tl , a clock switching operation is not 
immediately performed. The clock switching instruction at 
time Tl functions as a trigger and stopping and supplying 
of the clock signals are delayed by the delay unit 10b to 
create a period from the time T3 to T5 when the potential 
of a clock output line is guaranteed to be the U L" level. 

Specifically, only when start of stopping the clock 
signal "clkjn" is delayed until the time T2 and the fact 
that all clocks are in a stopped state is monitored at 
time T3, the clock supply enabling signal "chen" becomes 
"H" . When the enabling signal "chen" becomes U H" , an 
instruction is given to start supplying the clock signal 
"clk_n", an actual supply of which has been prohibited 
even if in a selected state. The period when the clock 

supply enabling signal "chen" is at the "H" level is a 

i 

non-active state with the clock output gate unit 10c 
closed and the clock output line is always stable at the 
"L" level. Therefore, a hazard is not generated at the 
time of clock switching. Also, when the clock supply 
enabling signal "chen" shifts to the "L" level, on the 
condition of guaranteeing one clock cycle after that to 
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be at the "L" level, a supply of the clock signal "clk_n" 
starts at the time T5 . Thus, the period of supplying the 
clock signal "clk_n" never overlaps the actual clock 
switching period of T3 to T4 . 

According to the clock switching circuit in the 
first embodiment, a plurality of clock signals and the 
selection signals are input and a clock signal to be 
output can be selected in accordance with the selection 
signals. Therefore, by freely selecting a second clock 
signal "clk_n" from the plurality of clock signals, it is 
possible to switch an output clock signal from a first 
clock signal M clk_m" to the second clock signal "elk n" . 
At this time, by stopping by the clock output gate unit 
10c outputting of the first clock signal "clk_m" which 
became non-selected, the switching operation of the clock 
signal can be performed in a state that the output clock 
signal line is stably at the "L" level. 

At this time, the enabling signal "enout" of the 
clock output gate unit 10c becomes active and, when 
furthermore delayed by one clock cycle, shifts the level 
of the output condition monitor signal "cken m" from "H" 
to "L". Consequently, timing of stopping the clock signal 
to become non-selected can be surely predicted. 

Also, since supplying of the second clock signal 
"clk_n" starts by being delayed by at least one clock 
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cycle from a clock switching operation, a plurality of 
clock signals do not become a selected state at a time. 

As explained above, since a pulse of the clock 
signal is not applied at the time of switching and a 
hazard is not generated, an erroneous operation is 
effectively prevented. As a result, clocks can be 
switched without breaking an operation of an LSI, and a 
power consumption of the overall LSI can be reduced by 
switching to a clock with a required minimum frequency in 
accordance with kinds of tasks. 

Also, the clock switching circuit in the first 
embodiment has the configuration that a plurality of same 
unit circuits corresponding to individual clock signals 
are arranged, a clock supply enabling signal "chen" is 
generated based on an output condition monitor signal 
"cken_i" (i=l to x) for the unit circuits, and an 
enabling signal "enout" of a clock output gate from the 
enabling signal "chen" and the selection signal "sel i" 
of the clock signal is generated. Therefore, only by 
changing the number of unit circuits in accordance with 
the number of clocks, the design can be easily modified, 
so that it can be a highly general clock switching 
circuit . 

Second Embodiment 

Figure 4 is a block diagram of a clock switching 
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circuit in a second embodiment. 

In the clock switching circuit illustrated in FIG. 
4, a synchronization circuit 40 is provided on the clock 
input side of the clock selection circuit 10. The 
configuration other than that is the same as in FIG. 1 
relating to the first embodiment. 

The synchronization circuit 4 0 comprises a 
plurality of flip-flops 41 provided to each of unit 
circuits 10-1 to 10-x composing the clock selection 
circuit 10. A D-terminal of the flip-flop 41 is applied 
any one of selection signals "sel_l" to "sel x" and a Q- 
terminal of the flip-flop 41 is connected to an input of 
the AND gate 17 in a corresponding unit circuit. All of 
clock input terminals CK of the plurality of flip-flops 
41 are connected to an output line of the output circuit 
20. Due to this, the selection signals "sel 1" to "sel x" 
are retrieved by the clock selection circuit 10 in 
synchronization with an output clock signal "clkout" . 
In the case of FIG. 3C, a slight deviation of 

i 

timing (skew) that the selection signal n sel_m" shifts 
from the "H" level to level sometimes causes 

overlapping of signal inputting to a clock input and the 
D-terminal of the flip-flop 11. In that case, metastable 
is caused and an output of the flip-flop 11 becomes 
unstable in some cases. Here, the metastable means, for 
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example, in the case that a frequency of a clock signal 
is high, the state that the output level does not become 
completely the low level M L" nor high level "H" but 
becomes an intermediate level X W even when the flip-flop 
is in a latch state. When the metastable occurs, the 
output of the flip-flop 11 becomes unstable, consequently, 
it is liable to cause an erroneous operation. The reason 
of synchronizing with the selection signals is to prevent 
an erroneous operation caused by a skew of the selection 
signals . 

In the second embodiment, a plurality of flip-flops 
41 are provided for synchronizing with the selection 
signals in order to prevent an erroneous operation caused 
by a skew and metastable as above. By operating the 
plurality of the flip-flips 41 synchronously with the 
output clock signal "clkout", the selection signals are 
latched once and output to the unit circuits at the same 
timing. Due to this, even when phases of the clock 
signals "clk_JL", "clk_2", ... "clk_x" to be selected are 
deviated, or even when an operation frequency is 
extremely high, furthermore, when the levels of the 
selection signals shift at any time, a stable operation 
of the clock switching circuit can be guaranteed. 
Third Embodiment 

Figure 5 is a circuit diagram of the configuration 



22 



of a unit circuit in a third embodiment by taking the 
unit circuit 10-x for illustration. 

In the unit circuit 10-x illustrated in FIG. 5, 
another flip-clop 18 is connected between the AND gate 17 
and the flip-flop 11. The configuration other than that 
is the same as the unit circuit in the first embodiment 
illustrated in FIG. 2. 

In a point that a role of the flip-flop 18 is to 
prevent erroneous operations caused by me tas table and 
skew, the flip-flop 18 is the same as the flip-flop 41 in 
FIG. 4. However, the flip-flop 18 is different from the 
flip-flop 41 in a point that a signal to be taken a 
countermeasure is different and a point that it is 
connected at a subsequent stage of the AND gate 17. 

Because of deviation of timing (skew) that the 
clock supply enabling signal "chen" output from the 
feedback circuit 30 shifts from the "L" level to the "H" 
level (time T4 in FIG. 3G) , metastable occurs and the 
output of the flip-flop 11 becomes unstable, so that a 
timing of starting to supply the clock "clk_n" to be 
supplied next at the time T5 may be deviated. 

In the third embodiment, a flip-flop 18 for 
synchronization with the clock supply enabling signal 
"chen" is provided for individual unit circuit so as to 
prevent erroneous operations caused by a skew and 
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metastable as above. By operating the flip-flop 18 in 
synchronization with an input clock signal, for example 
"clk_n" in FIG. 3B, the enabling signal "chen" is once 
latched and output at a timing in synchronization with 
the flip-flop 11 at its subsequent stage. Due to this, 
even when phases of signals are deviated at the time of 
feedback, or even when the operation frequency is 
extremely high, a stable operation of the clock switching 
circuit can be guaranteed. 

Note that it is preferable to combine adding of the 
synchronization portions (flip-flop 18) in the third 
embodiment and adding of the synchronization portions 
(flip-flop 41) in the second embodiment for a more stable 
operation . 

Fourth Embodiment 

In the above first to third embodiments, by using 
the multiple input OR gate 20 as an output circuit and 
obtaining a logical sum of clock signals "ckout__l" to 
"ckout_x" from the respective unit circuits, the final 

i 

output clock signal "clkout" was generated. 

The fourth embodiment relates to a modification of 
the output circuit at the final stage. 

Figure 6 is a circuit diagram of an output circuit 
in the fourth embodiment. 

The output circuit illustrated in FIG. 6 comprises 
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a multiplexer 21 using a transmission gate and a buffer 
22. The multiplexer 21 comprises a plurality of 
transmission gates 21a for controlling transmission and 
cutoff of clock signals "ckout_i" (i=l, 2, . ., x) output 
from the respectively corresponding unit circuits. The 
transmission gate 21 comprises a PMOS transistor and an 
NMOS transistor, sources of which are connected and 
drains of which are connected. The NMOS transistor is 
controlled by a respectively corresponding monitor signal 
M chen_i", and the PMOS transistor is controlled by a 
signal obtained by inverting the monitor signal "cken i" 
by an inverter 21b. Outputs of the plurality of 
transmission gates 21a are connected to an input of the 
buffer 22, and an output clock signal "ckout" is taken 
out from an output of the buffer 22. 

The output circuit shown in FIG. 6 has an advantage 
of outputting a clock signal at a high speed, because the 
monitor signal "cken_i" turns on only one transmission 
gate which has become the U H" level among the plurality 
of transmission gates 21a at operation. 

Figure 7 is a circuit diagram of another 
configuration example of the output circuit in the fourth 
embodiment. 

In the output circuit illustrated in FIG. 7, a 
discharge device 23, for example, an NMOS transistor 
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whose gate is controlled by the clock supply enabling 
signal n chen" is provided between an output node of a 
transmission gate 21a and a supply line at the ground 
potential. The configuration other than that is the same 
as that in the output circuit illustrated in FIG. 6. 

Since all of transmission gates 21a turn off at the 
time of a clock switching operation, an input of a buffer 
22 becomes high impedance only during that period. It is 
considered that it does not cause any problems because 
the period is limited and short. Note that although it is 
a short period, it is not very preferable that an output 
node becomes an electrically floating state. 

Therefore, in the output circuit illustrated in FIG. 
7, the discharge device 23 is turned on only for a short 
period of time (a period from T3 to T4 in FIG. 3) by 
using the clock supply enabling signal "chen" . 
Consequently, an input node of the buffer 22 is fixed at 
a ground potential at the time of clock switching and no 
noise is superimposed on this node, so that an output 
potential becomes more stable. 

According to the clock switching circuit according 
to the present invention, at the time of an actual 
operation of switching a first clock signal to a second 
clock signal, an output stop period wherein outputting of 
the first clock signal is stopped and supplying of the 
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second signal is not started yet is surely secured. 
Therefore, a hazard is not generated and an erroneous 
operation is effectively prevented. 



